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Abstract 

The distribution in the Dunedin area is described for the detritus-feeding pul- 
monate, Amphibola crenata (Mart.). At Hoopers Inlet, where some 6,350 animals 
were collected from quadrats made in a densely populated area of 35 acres, the 
population was analysed for size and variation in density. Statistical analyses were 
made of distribution, surface sediments, organic detritus, salinity, depth contours 
and tidal exposure. Of these depth and tidal exposure seem to be the major 
factors influencing distribution. The genus Amphibola , endemic to New Zealand, 
is considered to be the sole surviving genus of a Salin at or -type stock which reached 
New Zealand from Australia in the early Pliocene. 


Introduction 

Amphibola crenata (Martyn, 1784), a pulmonate gastropod, is a monotypic 
species of the family Amphibolidae and endemic to New Zealand. It is found 
along the coast throughout the country but there are no records to date from 
either the Rossian or Moriorian provinces (Powell, 1946). A. crenata was col¬ 
lected during Cook’s voyage to New Zealand in 1769 and the first description of 
anatomy was by Quoy and Gaimard in 1832. Further accounts have been given 
by Hutton (1879, 1882), Bouvier (1892), Famie (1919, 1924)—detailed studies 
of anatomy, histology and embryology—and Sinclair (1948, unpublished thesis) — 
a survey of the ciliated tracts of the gut. 

This species is one of the few marine pulmonates in Australasia and occupies 
a transitional habitat between marine and terrestrial conditions. Apart from a 
few brief observations recorded by Farnie (1919), ecological work on this phylo- 
genetically important species has been neglected, and the present work was under¬ 
taken to determine the factors governing distribution and activity—factors which 
might be valuable in considering evolutionary trends in terms of colonization. 

Natural History 

A. crenata is a detritus feeder which tends to burrow under mud or sand as 
the tide rises, a few only continuing to feed when water coverage reaches 4 or 
5 inches. Field studies lead one to believe that the animals do not return to a 
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Text-fig. 1. —Hoopers Inlet and the head of Papanui Inlet showing the topography and 
the position of populations of A. crenata. Inset: Localities in the Dunedin area supporting 

populations of A. crenata. 


particular burrow, but submerge wherever they happen to be at the time of cover¬ 
age. By the time of full tide all animals are below the surface, whereas at low 
tide they are moving freely on top of the substrate (Plate 2, fig. 3) the rate of 
movement varying from 9 inches to 2 feet Der hour and distances of between 
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2 feet and 6 feet being covered during a tidal exposure. The direction of move¬ 
ment of each animal can be gauged by the faecal strands which trail out behind 
it. These strands are approximately 2 mm wide and 1.5 metres in length, their 
form complete and coiled (Plate 2, fig. 4) or fragmented and straight (Plate 2, 
fig. 5) being dependent upon the rate of movement of the animal from which 
each is extruded. 

A. crenata tends to colonize inlets, in which the heads and the deeper bays 
along the sides are the localities most favoured. The areas in the Dunedin district 
colonized by Amphibola are indicated by numerals on the inset in Text-fig. 1. 
Several other areas known to have supported large populations in the past have 
disappeared with the construction of roads and railway embankments and the sub¬ 
sequent drainage of the bays thus cut off from the sea, Other large colonies near 
Dunedin are found in the estuaries of the Taieri and Akatore Rivers. 

Environment 

From all the localities near Dunedin in which A. crenata is abundant. Hoopers 
Inlet, on the seaward side of the Otago Peninsula, was selected as a representative 
area for a detailed study of the species (Text-fig. 1). This inlet, covered with 
water at normal high tides, has an area of approximately 960 acres of sand and 
mud flat that has been formed by the accumulation of detritus in a synclinal 
depression, surrounded on three sides by anticlines and on the fourth a broad 
sand spit. Communication with the sea is through a narrow channel in the 
southern corner (Text-fig. 1). The country surrounding the inlet is open pasture 
with here and there patches of shrub and occasional trees, and with the 100ft 
contour line lying close to the edge of the inlet (Text-fig. 1), under wet condi¬ 
tions there is fairly rapid drainage of fresh water into the inlet. 

Two localities are inhabited by A. crenata. Of these the one with the larger 
population occupying the head of the inlet was selected for detailed study. Visits 
in connection with the present survey were made twice fortnightly. 

Climatic Conditions 

The climate is a cool temperate one, as can be seen by study of the climato¬ 
logical averages for Dunedin, 7£ miles due west of the area (Table I). 

Table I.—Climatological Averages at Dunedin (altitude = 5 feet) Over a Period 

of Years. 


Average 

Average 

Average 


Temperature in Shade 



Annual 

Number 

Bright 


Degrees Fahr. 



Rainfall 

of 

Sunshine 

Mean 

Daily Max. 

Mean 

Daily 

Min. 

ins. 

rain days 

hrs. 

Jan. 

July Year 

Jan. 

July 

Year 

29.74 

161 

1,715 

65.2 

49.3 59.0 

51.2 

36.2 

44.3 


During 1957, in the period of the present survey, weather conditions were on the 
whole unsettled with a higher rainfall and a greater number of wet days than 
usual (Text-fig. 2A). The month of May in particular was characterized by high 
precipitation (5£in), and a large number of rainy days (22). The lowest number 
of sunshine hours for the year (1,545) was recorded in May also (Text-fig. 2B). 
The average air temperature, which was 19.5° G in February started to drop 
sharply during April and May, and reached its lowest, 9.9° C, in July (Text-fig. 
2C). These comparatively poor weather conditions were reflected in the low 
number of animals taken in transects during the month of May. 
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Text-fig. 2.—A—Rainfall at Musselburgh, Dunedin, for the year 1957. Number of rainy 
days per month shown in block form and inches of rain per month indicated by broken 
lines. (By courtesy of N.Z. Met. Dept.) B—Sunshine and temperature at Musselburgh, 
Dunedin, for the year 1957. Number of hours of sunshine per month shown by a solid 
line, maximum and minimum air temperatures shown by broken lines. C—1, Monthly 

average air (.) temperatures and surface water (-) temperatures at Hoopers Inlet 

from February to October, 1957. 2, Monthly average surface water temperatures in Otago 

Harbour for 1957 and 1958. (By courtesy Portobello Marine Biological Laboratory.) 

Water Temperature 

During 1957 the temperature of the water in the shallow inlet varied from 
20.5° C in February to 6° C in July, but it is interesting to note that during 
February and March temperatures were higher than air temperatures (Text-fig. 
2G). Comparison with the surface water temperatures in the deeper waters of 
the Otago Harbour shows that those of the inlet rise well above those of the 
harbour during February and March and remain higher throughout most of the 
year. This is clearly indicated in Text-fig. 2C, which gives surface water tempera¬ 
tures for both Hoopers Inlet and the Portobello Marine Station, Otago Harbour. 











































No. 4 Watters— Distribution of Amphibola crenata in Dunedin Area 


121 



Text-fig. 3. —Map of the head of Hoopers Inlet, showing depth contours, fresh water 
drainage (—>) and salt meadow plants. Note: The map has been swung through 135° 

in comparison with Fig. 1. 


Tidal Rhythms 

In the Dunedin area high tides are about 58 minutes later on successive days 
with the time between successive high tides varying from 12 hours 25 minutes 
to 12 hours 58 minutes. The rise at full tide ranges mainly from 6ft 6in as average 
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Text-fig. 4. —The density of A. crenata per square metre at the head of Hoopers Inlet. 
The grid used for sampling is marked alphabetically and mean low tidal level marked 

by a broken line. 


spring high, to 4ft 9in as average neap high, with an average mean high of 6ft 
3in. Generally speaking, the sandy and muddy basin of Hoopers Inlet becomes 
covered and exposed twice every day, with wind conditions shortening or length¬ 
ening the time of coverage and exposure. A strong northerly blowing down the 
inlet impedes the movement of water into the inlet so that even at the highest 
tides the sand at the head of the inlet may only just be covered, whilst a strong 
southerly tends to hold the water in the inlet so that very little of the bottom 
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is fully exposed even at the lowest spring, when normally most of the inlet is un¬ 
covered. Such wind effects cause tidal conditions inside the inlet to become out 
of phase with those outside—an effect which may last for several days. 

Depth Contours 

Depth contours in the head of the inlet were estimated. A grid system was 
used, based on the New Zealand Provisional 1:25,000 Map of Otakou (sheet 
S 164/5) and in the basin of the inlet the intersections of the transects on the 
map were marked by poles carrying red flags (numbered alphabetically in Text- 
fig. 4). An extra set of white-flagged poles were set up to halve this first grid. 
Vertically and at regular intervals above the substratum both poles were marked 
with coloured string so that tide levels could be read at each site. The records 
obtained thus along with a series of photographs of the incoming tide taken at 
half-hourly intervals were used to build up the depth contours of the area shown 
in Text-fig. 3. 

Fresh Water Drainage 

The head of Hoopers Inlet is almost flat with very gradual slopes to the north¬ 
east and to the south-east. A wide but very shallow depression along the north¬ 
eastern side carries the bulk of the fresh water draining into the inlet, whilst 
another shallow depression carries the smaller amount draining in from the 
southern comer. The direction of flow of fresh waters is indicated by the arrows 
shown in Text-fig. 3. Naturally where fresh waters meet the salt tidal water, 
gradations from fresh water to brackish to salt occur. 

Salinity 

Salinity tests of the interstitial water in sand taken from selected points in the 
inlet (and from other localities in the Otago area) were made against standard 
Ag N0 3 titrations. It was found that the salinity varied from 3% near the points 
of inflow of fresh water to 30.52% near the sandy spit at the south-eastern end, 
with a general salinity of 22% to 25% in the greater part of the head of the 
inlet. 

Biological Associations 

At the northern and south-western edges of the inlet narrow bordering salt 
meadows converge on to the mud. In these there is a gradation from grass to 
Salicornia australis (Soland.) to Enteromorpha clathrata (Grev.) (Text-fig. 3). 
Such meadows do not occur on the north-eastern side—a man-made stone cause¬ 
way three feet high having had the effect of cutting out the natural bordering 
plants. 

Among the salt meadow plants Amphibola crenata is found quite commonly 
in the beds of Salicornia , especially where they border directly upon the mud flats 
and in some areas this plant appears to be a major factor in the distribution of 
die species. The animal, however, tends to avoid regions covered by Entero¬ 
morpha, for whereas Salicornia forms a sparse coverage of the sand and mud 
(Plate 1A) Enteromorpha forms an even and almost complete coverage, imped¬ 
ing detritus feeding (Plate IB). 

The remainder of the inlet carries two distinct biological associations. The 
region between high spring and mean low tidal levels is without algae, but has a 
dense fauna made up of Amphibola ; the burrowing crab Helice crassa (Dana) 
(found in densest aggregations at high tide level but often extending into deeper 
waters); the crab Hemiplax hirtipes (Heller) which prefers the deeper waters 
where it makes use of the burrows of Helice crassa (Beer, 1959); brackish water 


T ransactions — Zoology 


Vol. 4 


12-4 



amphipods of the genus Paracoraphium; and a species of the family Ponto- 
geneiidae. Two gastropods also occur—the carnivore Cominella glandiformis 
(Reeve) and Micrelenchus huttoni (Smith) which is sporadic in appearance, 
being wafted into the head of the inlet on free-floating Ulva. 

Micrelenchus really belongs to the biological association which commences 
about the mean low tidal level. This association has a varied algal flora— 
Cladhymenia oblongifolia H. and H., Halopteris spicigera (Aresh.), Scytothamus 
australis H. and H., Ceramium rubrum (Huds.), Heterosiphoria pectinella 
(Harv.), and Polysiphonia caulescens J. Ag.—as well as the key animals Arenicola, 
other burrowing polychaetes, and the lamellibranch Chione stutchburyi. 

Distribution of A. crenata in the Head of Hoopers Inlet 

Along the lines of the grid system a metre frame was placed at 10 metre 
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intervals and counts were made of all the animals within the frame. The in¬ 
formation thus obtained is summarized in Text-fig. 4, on which the grid also is 
marked. The greatest densities (over 100 per sq. metre) were recorded at points 
E and H, one at the north and one at the south. In both regions a large per¬ 
centage of the population is made up of young individuals. The main adult 
population, with an average density of about 38/sq. metre, forms a crescent run¬ 
ning roughly around the eastern, northern and north-western sides of the Entero - 
morpha beds. However, adults in very low concentration do occur as far as and 
beyond mean low tidal level as is shown around Y, X and L in Text-fig. 4. The 
low densities recorded at U and W can be accounted for by the continual fresh 
water drainage at U and by the presence of Enteromorpha at W (Text-fig. 3). 

Seasonal variation in the distribution of Amphibola was noted, with more 
animals active on the flat during spring and summer than during the winter 
months. Day to day variation was also noted. Counts were made of the numbers 
present in metre squares placed along the grid between E and C and between 
C and V. Count 1 shows animals present on a cool day in early May; count 2 
those present during a snowy period in May; count 3 those present on a very 
warm day in June. The results are summarized in Table 2, from which it is 
apparent that fewer animals are active on the mud flats on cool to cold days, 
and that additional fresh surface water supplied by rain and snow has an adverse 
effect on the activity of Amphibola. Moreover, from this table it can be seen that 
the effect of lowered salinity and temperature was greater among the adults in 
the open region C (Text-fig. 4) than among the younger specimens at E. 

Table II.—Numbers of Amphibola per square metre Taken by Transect Under 
Different Weather Conditions at Hoopers Inlet. 


TRANSECT TRANSECT 

E--» C--> V 


(1) 

148 

63 

57 

44 

50 

57 

30 

15 

5 

8 

10 

15 

20 

15 

19 

15 

14 

9 

4 

3 

(2) 

154 

36 

37 

46 

21 

22 

8 

15 

7 

1 

3 

4 

6 

8 

5 

4 

15 

3 

3 

4 

(3) 

161 

89 

92 

110 

84 

84 

65 

26 

15 

35 

41 

48 

42 

57 

69 

52 

30 

30 

26 

21 


Note.—Population densities per square metre for other localities are as follows—Sawyers’ 
Bay (Otago Harbour), 65; Akatore, 60; Andersons Bay (Otago Harbour) and Papanui 
Inlet, 38-40; Salicornia beds inside Otago Harbour and at the spit at Hooper’s Inlet, 25. 


Table III.—Increase of Mean Size of Amphibola with Movement Towards the 

Centre of the Inlet. 


E--> C 


Size Groups 

1 

2 

3 

4 

5 

6 

7 

8 | 9 

10 | 

0-2.9 








1 


3-5.9 


11 

1 


1 



1 


6-8.9 


113 

15 

7 

10 


2 



9-11.9 


30 

39 

30 

9 

2 

9 

1 


12-14.9 


5 

21 

27 

25 

20 

13 

14 | 3 

1 | 

15-17.9 


1 

5 

6 

30 

29 

21 

17 | 5 

3 

18-20.9 


1 

4 

14 

16 

15 

22 

15 | 5 

4 I 

21-23.9 



3 

4 

6 

9 

11 

11 | 3 


24-26.9 




2 

5 

5 

5 

4 | 4 

3 1 

27-29.9 



1 

1 

7 

2 

1 

4 | 5 

4 | 

30-32.9 




1 

1 

2 


1 


33-36 








1 


Total Number 


161 

89 

92 

110 

84 

84 

65 | 26 

15 | 

Mean Size 


8.17 

12.1 

14.2 

16.47 

18 

17.46 

18.85 | 20.9 

22.1 | 

S.D. 


2.09 

3.99 

4.89 

5.64 

4.45 

4.55 

4.29 | 5.46 

5.13 | 
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In June, 1957, from quadrats made every 10 metres along the entire grid, the 
animals inside each metre frame were collected in numbered plastic bags and 
measured in the laboratory. (The shell measurement found to be most satis¬ 
factory was that from the margin of the aperture at the notch to the shoulder 
of the body whorl opposite). The most interesting results were obtained in the 
area between E and C; the results set out in Table III show that the average 
size increases gradually from 8.17 mm near E to 22.1 mm at G, whilst conversely 
the number per square metre drops in number from 161 near E to 15 at G. 

Distribution Pattern 

In January, 1958—i.e., at a time when individuals from the 1957 spawning 
had not reached a measurable size and only adults and half to three-quarter grown 
individuals were present, ten sites at the head of the inlet were selected for the 
study of distribution patterns. On each of these the metre square frame sub¬ 
divided by a 10 cm grid, was set up and the position of all A. crenata within the 
frame recorded on charts divided in the same proportions. The sites chosen were: 
1 between X and I (Text-fig. 4), 2-Z; 3 and 4 between Z and B; 5 and 6 -V; 
and 7, 8 , 9 and 10 between V and E. With the exception of those at sites 7 and 9, 
the populations were all adult ones. 

From the data thus obtained, statistical analyses were made using the methods 
of Ashby (1935) and in Text-fig. 5 the charts of each quadrat are accompanied 
by graphs showing both the actual frequencies and the expected frequencies for 
a poisson distribution. There is a good approximation between the actual and 
the expected frequencies, with X 2 values in all cases being less than X~ (p = 0.05 J. 
Distribution is thus random and non-aggregate in all cases, which suggests an even 
availability of food. 

Note.—Pairing was never observed in the field, and with a breeding season of 
three months, mating would hardly alter the overall random pattern. 

Investigation of Factors Liable to Influence Distribution 
(1) Sedimentary Analysis. 

150 gm samples of surface sediments were collected from ( 1 ) the sandy bay 
area in Hoopers Inlet—no Amphibola; (2) from Hoopers Inlet at point Y (Text- 
fig, 4 )— 4 Amphibola per sq. m, (3) the Salicornia meadows inside the spits of 
Hoopers Inlet and the Otago Harbour—25 Amphibola per sq. m; (4) Andersons 
Bay— 40 Amphibola per sq. m; (5) Hoopers Inlet at point B—43 Amphibola per 
sq. m; ( 6 ) Akatore (both above and below the bridge)—60 Amphibola per sq. 
m; (7) Sawyers Bay, Otago Harbour—65 Amphibola per sq. m; and ( 8 ) Hoopers 
Inlet, at point E—100 Amphibola per sq. m. These samples were dried in a 
current of warm air. From them (1) 40 gms were dissociated in fresh water and 
left for 3min to allow the coarse fractions to settle. The remaining suspension 
was then decanted to obtain the clay fraction on drying and the coarse fractions 
washed through a set of sieves (British Standard Series) ranging from 2.051 mm 
to 0.053 mm in mesh size; ( 2 ) 25 gms were incinerated at high temperature in a 
small electric furnace, reweighed, the loss in weight being taken as the dry weight 
of organic material present and the percentage of organic material in the original 
sample calculated. 

At the time that samples of the surface sediments were taken in localities 3, 4, 
5 , 6 and 8 , animals also were removed so that ingested sediments could be obtained. 
The animals were washed and the ingested material, expelled from each as a 
faecal strand, was collected, dried, weighed and then boiled with sodium phos¬ 
phate to liquidize incorporated mucous and dissociate the fine particles. The 
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Plate 1 



Fig. 1.— A. crenata feeding in between beds of Enteromorpha clathrata at Hoopers Inlet. 
Fig. 2.— A. crenata feeding in amongst Salicornia australis at Hoopers Inlet. 





Plate 2, 
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Fig. 3.—High adult density of A. crenata at low tide at the head of Hoopers Inlet. 
Fig. 4. — A. crenata feeding in dampish mud conditions at Akatore. 

Fig. 5.— A. crenata feeding in wet mud conditions at Hoopers Inlet. 
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Text-fig. 6. —Comparison of particle size fractions of sediments from various localities, 
with in some cases corresponding fractions of ingested sediments. The fractions can be 
described in general terms as in the following list—below 8, stones and gravel; 8-16, 
granule; 16-30, very coarse sand; 30-60, coarse sand; 60-120, medium sand; 120-240, 
fine sand; 240-300, coarse silt; 300-350, silt; above 350, fine silt and clay. 
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latter were washed through the sieves, and the fractions thus obtained air dried 
to give the weight of material of each particle size. The results of these analyses 
appear as histograms in Text-fig. 6. It can be seen that in locality 1, in which 
no Amphibola are present, the sediments consist of a very well sorted medium¬ 
sized sand with no silt or clay, whereas in localities 3, 9, 11, 15 in which the 
density of Amphibola is from medium to very high, though the sediments are 
not so well sorted relatively large fractions of silts and clay are present. However, 
histograms 7 and 13 of the Akatore region, where the population density is high, 
show that high silt and clay fractions are not absolutely necessary for proper 
growth of Amphibola. In addition from histograms 2 and 5 it can be seen that 
Amphibola maintains itself in medium density where the sand is of medium size 
and the presence of small silt and clay fractions helps to hold fine grades of 
organic material. It is interesting to note that though the histogram for locality 4 
shows that in terms of sediment fractions this locality would be suitable to sustain 
a population of Amphibola , the density is low. This is probably due to the fact 
that the locality is close to mean low tidal level so that periods of exposure, and 
consequently of feeding, are of short duration. 

Comparison of surface sediments with gut sediments—obtained from the faecal 
strands—is made in Text-fig. 5, where 5, 7, 9, 11, 13 and 15 represent surface 
sediments and 6, 8, 10, 12, 14 and 16 respectively gut samples from the same 
localities. Comparison of 5 and 6 shows that Amphibola is able to cope with 
medium sand, but has a slight preference for the finer grades. Furthermore, com¬ 
parison of 7 and 8; 9 and 10; 11 and 12; 13 and 14 and 15 and 16 indicates 
that the animals can cope with a reasonable range (30-350 mesh size) of sub¬ 
strates in terms of particle size and sorting, but show an overall preference for 
the finer fractions. 

Gravel and granule fractions (8 and 16 mesh size) occurred in localities 9, 
11 and 13. In 9 where larger stones and rocks (not taken in the sediment 
samples) were present, a very high density of very small Amphibola occurred. 
The* presence of larged sized fractions appears to be a necessary feature for the 
settling of the veligers prior to moving out to the mud flats, and Famie (1924) 
in laboratory studies, showed that veligers settle on such firm surfaces. 

Note.—In the histograms of gut samples (as compared with habitat samples) 
there is a difference of 9 microns in mesh size in the silt fractions due to the 
use of a smaller set of sieves which had an M 350 instead of an M 300. The 
effect of this difference would not be great. 

A definite correlation exists between the organic content of the surface sedi¬ 
ments and the size of the finer particles. The lowest organic content, 0.94%, 
was recorded from Sand Bay, Hoopers Inlet, where there are no Amphibola , and 
the highest, 5.4%, from Sawyers Bay. Sediments from the Salicornia beds, with 
25 Amphibola per square metre, had an organic content of 1.82-2.00%; those 
from the mud flats at E in Hoopers Inlet and at Akatore—localities with a high 
density of Amphibola —had an organic content of 2.5 to 3.3%. Fine particle 
fractions are present in the last four localities, but absent from the first. 

It is concluded that the composition of the surface sediments and their organic 
content at U and Y in Hoopers Inlet should be suitable for the maintenance of 
reasonably high densities of Amphibola , but the densities are low, at U because 
of continual flow of fresh water over the surface, and at Y because of the short 
period of exposure. 

It is interesting to note that the highest organic content (3.3%) recorded in 
Hoopers Inlet was that of Locality E, an area sustaining a very high density of 
young Amphibola. 
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Table IV.—Comparison of Organic Content of the Sediments with Total Weight 
per Square Metre, Mean Size and Density per Square Metre. 


Locality 

Density per 
square metre 

Mean 

size 

Total weight 
in grams per 
sq. metre 

% 

Organic 

content 

Hoopers Inlet 





Sand Bay 

0 

0 

0 

0.94 

Otago Harbour 





Deborah Bay 

0 

0 

0 

1.3 

Otago Harbour Spit 





in Salicornia 

25 

22.5 

75 

1.82 

Hoopers Inlet Spit 




2.0 

in Salicornia 

25 

23 

80 

Andersons Bay 

40 

22.5 

132 

2.8 

Sawyers Bay 

65 

22 est. 

143 est. 

5.4 

Hoopers Inlet 





Region of B 

43 

22 

117 

2.4 

Region of U 

9 

12 

9 

2.1 

Region of Y 

4 

25 

24 

2.7 

Region of E 

128 

10 

102 

3.3 

Akatore 





Below Bridge 

64 

17.4 

115 

3.5 

Above Bridge 

61 

17.3 

109 

2.5 

(Est.) = estimate 






The results of Table IV when related to the sedimentary analyses give a 
definite correlation between organic content and fine particles size. The sediments 
from Sand Bay and Deborah Bay (nearly midway between Sawyers Bay and the 
Otago Harbour Spit) both lack the finer particles and appear to have too low 
an organic content to support Amphibola. On the other hand those sediments 
from the areas of Salicornia on the two spits possess a fine fraction and both have 
a sufficiently high organic content to support Amphibola in low densities. Ander- 
sons Bay, Sawyers Bay, Hoopers Inlet Region at B, and Akatore all have densities 
and total weights which correspond fairly closely with the organic content and 
fine fractions of their habitat sediments. In the region of U continual flow of 
fresh water across the area has reduced the density, particularly of adults; other¬ 
wise conditions are suitable. Substrate conditions are also suitable in the region 
of Y, X and L, but lack of tidal exposure here is responsible for the drop in 
density. 


(2) Tidal Exposure and Depth. 

As shown in Text-fig. 4, very few Amphibola occur below the mean low tidal 
level, nor are they common above the mean high tide line. The distribution be¬ 
tween these limits, however, varied considerably in density and size, and this was 
analysed in view of depth contours. With the use of random tables, samples of 
fifty were taken from each of the selected contour bands and the mean size and 
variance calculated (Text-fig. 7J". (The term depth as used in this investigation 
would apply only during a high tide and therefore it must be taken to cover 
“ level on the beach ” for low tide conditions). 

An analysis of variance of the mean size for each contour band reveals a 
significant trend towards increase of mean size with increase of the depth, and 
the polynominal trend indicated is cubic if one takes the mean depths of the con¬ 
tours as 6, 10, 14, 18 and 22 respectively. However, the variances are not homo¬ 
geneous and the variance or size spread in the 8in and under 12in contour band 
may be shown to be significantly greater than the others. This means that there 
is a greater spread of sizes at this depth than at any other, and indicates either 
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Text-fig. 7. —Increase of mean size with increase of depth taking mean depths of contour 

bands at Hoopers Inlet. 

that it is a region of transition resulting from the movement of animals adjusting 
themselves to preferred depths or that it is a region where conditions are suitable 
or tolerated by animals of all ages. 

(3) Salinity . 

The Spit at the mouth of the Otago Harbour which carries a small Amphibola 
population, has a salinity of 30.52%, which is slightly below the offshore figure 
of 34.5% given by Sverdrup Johnson and Fleming (1942). In Hoopers Inlet, 
at region “ X ”, and in the area between “ B ” and “ V ” the salinity was 25.0% 
and 23.0% respectively, which is reasonably high considering the distance of these 
areas from the mouth of the inlet and also the amount of fresh water flowing into 
the inlet. Also at region “E” the salinity (22%) is surprisingly high considering 
the presence of a fresh water drain nearby, but it must be stated that the salinity 
tests at this spot were made during a fine dry period in the weather. The greatest 
inflow of fresh water is in the region of “ U ”, and here the salinity recorded was 
low—3%—as was the density of Amphibola in this area although, in terms of 
organic content and sediments, conditions could be optimum. 

Tests were made to ascertain whether variation in salinity influenced size dis¬ 
tribution. For this three zones were selected where conditions were approximately 
“ fresh ”, “ brackish ” and “ salty ”. (The difference between “ salty ” and 
“brackish” was probably very small.) From each of these three zones a random 
sample of 100 animals was tested. The mean fresh water size (15.39 mm) is 
significantly less than that of “brackish” (22.58 mm) and “salty” (21.71 mm). 
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There is, however, a significant falling-off of the variance or size spread in the 
“ salty ” zone from 22.07 mm and 23.45 mm for “ fresh ” and “ brackish ” to 
11.31 mm for “salty”. 


Table V.—Relation Between “ Fresh ” Water Size, “ Salty ” Water Size and Depth. 


Contour Bands 

“ Fresh ” Water 


“ Salty ” Water 


(Text-fig. 3) 

Mean Size 

a 

Mean Size 

<r 

Under 8 

8.44 

1.71 

9.52 

2.19 

8 and under 12 

12.16 

2.01 

12.09 

2.24 

12 and under 16 

17.40 

3.74 

14.69 

4.48 

16 and under 20 

21.93 

4.92 

21.34 

3.19 

20 and over 

24.48 

3.34 

23.80 

2.91 


From perusal of Table V it can be seen that salinity is insignificant as a 
causal factor in the size distribution and that the main effect is the depth factor. 
Furthermore, the factors of depth and salinity do not appear to interact to a 
significant degree. 

The tolerance of Amphibola to fresh and salt water was noted by Farnie 
(1919), who records that Amphibola placed in fresh water and sealed up will 
live for a week; completely immersed in fresh water but not sealed up will live 
for a fortnight; completely immersed in sea water will live a month; but left 
without any water at all will not survive for more than a day. Experiments on 
the lethal length of submersion carried out by the writer agree on the whole with 
the above findings. Animals immersed in sea water, however, lasted for eighteen 
days only, and it was found that Amphibola survives for considerable periods in 
damp mud, particularly if it has been dampened with brackish water or sea water. 
Amphibola found along the banks of fresh water streams close to the inlets or 
river estuaries probably owe their survival to the fact that at high tide they are 
covered by brackish water, and hence make their burrows in brackish mud. 

Zoogeography and Palaeontology 

The Family Amphibolidae includes two genera, Salinator and Amphibola. 
Although Zilch (1959) gives the recent distribution of the latter as New Zealand, 
Australia, Polynesia and the East Indies, the writer feels that this broad distribu¬ 
tion has been based on early accounts when species, now considered species of 
the genus Salinator (Hedley, 1900), were listed under the generic names Amphi¬ 
bola (Schumacher, 1817), Thallicera (Swainson, 1840), Ampullacera (Quoy and 
Gaimard, 1832), and Ampullarina (Sowerby, 1842). Watson (1888) mentions 
Amphibola fragilis Lamarck, Amphibola burmana Blandford and Amphibola 
tenuis Gray. A. fragilis (Lk.) is the type of Salinator (Hedley, 1900); A. burmana 
is now S. burmana ; A. tenuis is considered to be a doubtful species and has been 
rejected along with A. busbyi Gray and A. oborata Dunker (Hubendick, 1944). 

In his systematic survey Hubendick (1944) lists two other species of Amphi¬ 
bola — A. quadrasi Mollendorff, 1895, from the Philippine Islands and A. africana 
(Smith), 1904, from South Africa. The only evidence that they belong to the 
Family Amphibolidae is based on the presence of a sinus on the shell, and more¬ 
over A. africana is known from empty shells only, the operculum not having been 
described. 

S. fragilis and S. solida (formerly Amphibola solida) inhabit coastal estuarine 
areas in Queensland, New South Wales, Victoria, Tasmania, South Australia and 
Western Australia. S. fragilis does not occur in the mangrove areas where 
S solida is commonly found (Woolacott, 1945). The genus Salinator is recorded 
also from Japan ( S . takii, Kuroda, 1928), China ( S . swatowensis , Yen, 1939), 
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Hai-nan Island and the Philippine Islands ( S. sanchezi and S. sanchezi spurca , 
Yen, 1939), Fiji ( S. maculata Mousson, 1865), Malaya, Burma and India ( S. bur - 
mana Blandford, 1865) and Java (Jutting, 1956). Thus Salinator has a broad 
geographical distribution ranging from Japan, through East Asia, the East Indies, 
Polynesia, round Australia, and as far south as Tasmania. The genus Amphibola 
may be considered an isolated descendant in New Zealand of a stock now repre¬ 
sented by the widespread genus Salinator. It is possible that the ancestor of 
Amphibola could have reached New Zealand by larval transport in the warm 
Tasman current which swings down from the East Australian coast across the 
Tasman Sea towards and up the West Coast of New Zealand around North Cape 
and south-east past East Cape. 

The genus Salinator is known from the Werrikooian Stage (Upper Pliocene) 
in Western Victoria, Australia, from which (Dennant and Kitson, 1902) record 
individuals of Salinator quoyanus Potiez & M. Singleton (1939) also gives the 
age of the Werrikooian as Upper Pliocene, but Dr N. H. Ludbrook, of the Depart¬ 
ment of Mines, South Australia (personal communication) mentions the presence 
of Salinator in the Pleistocene of South Australia and suggests the Werrikooian 
should be Pleistocene in age as well. 

In New Zealand, deposits representing the estuarine intertidal habitat are rare, 
but this habitat is represented by five fossiliferous deposits, Pomahaka (Otago), 
Lower Oligocene; Trelissick Basin (Canterbury), Miocene; Mokau (South West 
Auckland), Miocene; Buller River near Owen Junction (Nelson), Upper Mio¬ 
cene; Wharekahika River (East Cape), Pliocene? All deposits contain Chione 
and/or representatives of the Family Cerithiidae indicating suitable environmental 
conditions for Amphibola. However, the oldest fossil record is in the Waitotoran 
Stage (Upper Pliocene) of Otahuhu, Auckland, from which (Laws, 1950) re¬ 
cords both immature individuals of Amphibola crenata and also a Salinator, 
Salinator neozelanica n. sp. 

Salinator neozelanica is much smaller than the Australian species, and though 
the shoulder of the body whorl and lower spire resemble Amphibola the umbelicus 
is characteristic of Salinator. It is thought that the “ immature 55 individuals of 
Laws probably represent the earliest Amphibola stock, nearer in size than recent 
forms to the Salinator ancestor. This view is supported by the fact that no speci¬ 
mens as large as modem adults or of intermediate size were found associated with 
the “ immature ” individuals, so that these could in fact have been mature indi¬ 
viduals of a parent stock of Amphibola smaller than the present stock. 

In New Zealand there are no recent records of Salinator , and it has been 
recorded in only this one fossiliferous deposit. 

Amphibola continued to flourish and is recorded at several horizons in the 
Nukumaruan and Castlecliffian Stages of the Plio-Pleistocene formations in the 
Wanganui district (Fleming, 1953). The specimens are conspecific with 
A. crenata except for a new form in the Mangahou Siltstone, Upper Nukumaruan. 
Although facies with Chione and other estuarine molluscs indicating suitable 
habitat conditions are represented in the Nukumaruan at Hawkes Bay and the 
Castlecliffian of Cape Kidnappers, no Amphibola have as yet been recorded. 
Likewise with the Pliocene and Pleistocene, Motunau and Kowai beds of North 
Canterbury. However, Amphibola is recorded in Pleistocene deposits at Lake 
Waihola (Laws, 1950), indicating that A. crenata became established in the 
Dunedin area in the Pleistocene. 

The author favours the view that some Salinator stock from Australia estab- 
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lished itself in New Zealand in the Pliocene, but failed to withstand climatic 
changes, though Amphibola , a descendant from the original stock, not only with¬ 
stood these changes but continued to flourish and spread southwards. 
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